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Abstract: Random Amplified Polymorphic DNA (RAPD) polymor¬ 
phism was employed to assess the genetic diversity in the elite germ- 
plasm of Dalbergia sissoo. Sixty-seven clones that are under cultivation 
in northern India, originated from six different states of India and Nepal 
were analyzed with 30 RAPD primers that generated a total of 342 frag¬ 
ments out of which 290 were polymorphic. Total genetic diversity (Ht) 
varied between 0.01 and 0.37, with an average of 0.19. Shannon's In¬ 
formation index (I) varied between 0.02 and 0.54, with an average of 
0.31. Marker attributes like Polymorphism Information Content (PIC), 
Marker Index (MI) and Effective Multiplex Ratio (EMR) values were 
calculated to assess the discriminatory power of 30 primers used. The 
PIC values ranged from 0.01 to 0.37 with an average of 0.17 per primer 
and the EMR ranged from 0.17 to 21.00 with a mean of 8.66 across all 
genotypes. Closely related clones were C49 and C51 with similarity 
index of 0.86 while the least similar or most dissimilar clones were C14 
and S-DB showing similarity index of 0.58. The UPGMA-phenogram 
categorized the 67 clones into six clusters based on genetic similarity and 
dissimilarity. The clustering of clones in relation to their geographical 
location has been discussed. 

Keywords: clones; Dalbergia sissoo ; genetic diversity; polymorphic; 
RAPD 

Introduction 

Dalbergia sissoo Roxb. known as Shisham is a popular tropical 
timber tree species native to foothills of Himalayas of India, 
Pakistan, Nepal and Indo-Gangetic basin. It grows in the entire 
sub-Himalayan tract and also in the Himalayan valley up to an 
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elevation of about 1 500 m along streams on alluvial soils. The 
species has great value for timber and is very important raw ma¬ 
terial for wood based industries, especially building construction 
and furniture because of strength, pleasant brown colour and 
beautiful grains. It is also used for shelterbelts and fuel wood in 
the sub-humid and drier areas. Being an important tropical tim¬ 
ber tree species, and its popularity due to its fast growth and 
multiple uses, D. sissoo is raised for rural as well as industrial 
plantations. 

The natural D. sissoo forests have come under considerable 
pressure from human disturbance. In last few years the tree spe¬ 
cies is suffering from wilt disease resulting in large-scale mortal¬ 
ity, mostly in plantations. The disease is now commonly found 
throughout the natural distribution area in South Asia and is 
causing widespread death of shisham forests. One of the impor¬ 
tant reasons of mortality appears to be the promotion of mono¬ 
culture plantations with narrow genetic base. The mortality is 
also prevalent in areas where no attention is paid to the quality of 
the planting material and the site selection. Seeds used in planta¬ 
tions rarely come from a broad genetic pool. It has been esti¬ 
mated that around 90% of the shisham plantations in terai region 
of Nepal have been suffering from this diseases (Parajuli et al. 
1999). 

In India, the comprehensive breeding programme for D. sissoo 
started since 1993. Countrywide surveys including Nepal for 
identifying superior phenotypes (plus trees) of D. sissoo were 
carried out. The disease was not serious during the start of the 
tree improvement programme and hence was not given high 
priority during selection. Seeds and root suckers from the se¬ 
lected phenotypes were used for the establishment of seed or¬ 
chards. More than 400 superior phenotypes were available for 
collection of seeds and their seed orchards were established in 
north Indian states of Haryana, Punjab, Uttarakhand and Uttar 
Pradesh. Besides, the selected phenotypes were clonally propa¬ 
gated and deployed under clonal tests in different locations. 
Through this process more than 100 good perfonning clones in 
respect of growth and survival were identified. Presently these 
clones are being propagated on large-scale for their cultivation 
under clonal forestry. There were likely chances that the many of 
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the selected clones were closely related. Hence, identification of 
genetically divergent clones, their deployment and maintaining 
sufficient genetic variability in the shisham plantations are the 
important steps to combat shisham mortality. 

To date, no universal marker system is available for 
codominant nuclear loci in D. sissoo. The unavailability of 
codominant markers has lead to the use of Random Amplified 
Polymorphic DNA (RAPD) markers (Williams et al. 1990) for 
genetic analysis of shisham clones. RAPD and ISSR (Inter Sim¬ 
ple Sequence Repeat) markers have been used in many popula¬ 
tion genetic studies and in detecting clonal diversity (Parsons et 
al. 1997; Esselman et al. 1999; Li and Ge 2001). The technique 
has been successfully used to study genetic diversity in many 
plant genera such as mango (Schnell et al. 1995), Eucalyptus 
(Keil and Griffin 1994; Ginwal and Maurya 2008), Himalayan 
poplar (Rajgopal et al. 2000), Cacao (Whitkus et al. 1998), 
Spruce (Scheepers et al. 1997), Populus spp. (Castiglione et al. 
1993). In a recent publication, RAPD markers have been found 
more informative than ISSRs in the assessment of genetic diver¬ 
sity in shisham (Arif et al. 2009). 

Keeping in view the above, the present investigation was con¬ 
ducted to analyze genetic diversity and establish genetic relation¬ 
ship between the selected 67 clones of D. sissoo that are under 
large-scale propagation and cultivation in northern India. The 
aim is also to provide insight information on genetic diversity 
status in superior germplasm of D. sissoo in India, which will 
enable to compare it with other tropical tree species for develop¬ 
ing a long tenn breeding strategy and providing a scientific basis 
for the management of genetic resources of D. sissoo. The inves¬ 
tigation will help to identify genetically divergent clones for their 
deployment under clonal forestry programs to optimize genetic 
gains. 

Materials and methods 

Plant material 

Sixty-seven clones of D. sissoo, which are under cultivation in 
north India, were used for the present study. The clones originate 
from the diverse geographical region from Haryana, Punjab, 
Rajasthan, Uttarakhand, Uttar Pradesh and Nepal. The list of 
genotypes with their source is presented in Table 1. Young fo¬ 
liages from ramets of 67 clones established in a vegetative multi¬ 
plication garden of Forest Research Institute, Dehradun, India 
were collected, tagged and stored in deep freezer at -80°C to 
prevent degradation of DNA in the tissues. 

Isolation of DNA 

A total of 500 mg young leaves without mid rib, veins and mar¬ 
gins were chopped and ground to fine powder using liquid nitro¬ 
gen in a pre-chilled mortar and pestle. A protocol for D. sissoo 
genomic DNA isolation developed by Ginwal and Maurya (2010) 
was used for the extraction of the genomic DNA from all the 
samples representing 67 clones of shisham. 
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PCR amplification 

A total of 50 primers from the list given by Mosseler et al. (1992) 
and Operon company (QIAGEN Operon, 1000 Atlantic Avenue, 
Almeda, CA 94501, USA) were initially used in the present 
study, of which 30 primers (Mosseler-29, Mosseler-31, 
Mosseler-33, Mosseler-119, Mosseler-122, Mosseler-132, 
Mosseler-147, Mosseler-156, Mosseler-182, Mosseler-186, 
Mosseler-188, Mosseler-198, Mosseler-199, OPA-02, OPA-04, 
OPA-05, OPA-06, OPA-07, OPA-08, OPA-09, OP A-10, OPA- 
11, OP A-14, OPA-16, OP A-17, OPA-18, OPA-20, OPAF-07, 
OPAF-16, OPG-09) were selected based upon their reproducibil¬ 
ity and polymorphism for RAPD fingerprinting. 

The RAPD (Williams et al. 1990) amplification reactions were 
perfonned in a total volume of 25 pi containing 2.5 pi of 10X 
Taq buffer (Fennentas) (750 mM Tris-HCl, pH 8.8 at 25°C, 200 
mM (NH 4 ) 2 S0 4 , 0.1% Tween 20), 50 mM MgCl 2 , 5 mM each of 
dATP, dCTP, dGTP and dTTP (SIGMA), 10 pi of random de- 
camer primers and 1 unit of Taq DNA Polymerase (Fennentas). 
Four nanogram of template DNA was used for each amplifica¬ 
tion reaction in thermal cycler (BIO-RAD- My Cycler, Thermal 
Cycler). The first cycle was programmed as denaturation for 1 
min at 94°C; annealing for 1 min at 37°C and extension for 1 
min at 72°C. Subsequently 41 cycles were programmed as dena¬ 
turation for 45 s at 94°C, annealing for 1 min at 37°C and exten¬ 
sion for 1 min at 72°C. An additional extension at 72°C for 10 
min was perfonned to facilitate complete extension. 

Gel electrophoresis 

Subsequently, amplification products were electrophoresed using 
1.5% agarose gels with lx TBE buffer at pH 8.0 for 3 h. Gel was 
visualized by 0.5 pg/ml ethidium bromide staining and photo¬ 
graphed under UV light using Gel Documentation system (Gel- 
Doc-It System, UVP Ltd., Unit 1, Trinity Hall Estate, Nuffield 
Rd. Cambridge, CB4 1 TG, UK). Reagents and chemicals used 
in the present study were of analytical grades and obtained from 
Sigma (Sigma-Aldrich, Inc., 3050 Spruce street, St. Louis, MO, 
USA). 

Data analysis 

The RAPDs were scored as present (1) or absent (0) for the indi¬ 
vidual genotypes/clone. The data matrix obtained for presence or 
absence of RAPD bands was analyzed according to Nei and Li 
(1979) definition of genetic similarity, i.e. Sp = 2a/(2a+b+c) 
where Sy is the similarity coefficient between two individuals (i 
and j), ‘a’ is the number of bands present in j and absent in i. In 
order to analyze the relatedness among the sources, the Un¬ 
weighted Pair Group Method with Arithmetic Averages (UP- 
GMA) based dendrogram was constructed using Nei and Li ge¬ 
netic distance matrix (Nei and Li 1979) using NTSYSpc 2.2 
software (Rohlf 1997). Genetic structure and measures of genetic 
diversity viz. total genetic diversity (H t ) and Shannon's Informa¬ 
tion index (I) was calculated as per the method of Nei (1973). 
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Polymorphic Infonnation Content (PIC) was calculated using the 
formula PIC = 2p (1- p), where p is the frequency of the i th allele 
(Roldan-Ruiz et al. 2000). 

Marker index (MI) was calculated in order to characterize the 
capacity of each primer to detect polymorphic loci among the 
clones. MI was calculated as described by Varshney et al. (2007). 

Table 1. Detail of various clones o 1 /). sissoo used for genetic analysis. 


MI = PIC x EMR 

where, EMR (Effective Multiplex Ratio) is defined as the prod¬ 
uct of the fraction of polymorphic loci ifi) and the number of 
polymorphic loci (n) for an individual assay. 

EMR = n.p 


S. No. 

Clone No. 

Source / Origin 

S. No. 

Clone No. 

Source / Origin 

1 

Cl 

Sabalgarh, Chiriyapur, Bijnor, U.P. 

35 

C168 

Kanau, Chaur, Chila, Bairaj, U.P. 

2 

C2 

Sabalgarh, Chiriyapur, Bijnor, U.P. 

36 

C169 

Kanau, Chaur, Chila, Bairaj, U.P. 

3 

C3 

Trilokpur, Gonda, Bijnor, U.P. 

37 

C174 

Kanau, Chaur, Chila, Bairaj, U.P. 

4 

C4 

Sabalgarh, Chiriyapur, Bijnor, U.P. 

38 

C175 

Kanau, Chaur, Chila, Bairaj, U.P. 

5 

C9 

Sabalgarh,Pathri, Haridwar, Uttarakhand 

39 

C192 

Hasanpur 2, Tulsipur, Gonda, U.P. 

6 

CIO 

Sabalgarh,Pathri, Haridwar, Uttarakhand 

40 

C198 

Hasanpur 2, Tulsipur, Gonda, U.P. 

7 

Cll 

Sabalgarh,Pathri, Haridwar, Uttarakhand 

41 

C201 

Hasanpur 2, Tulsipur, North Gonda, U.P. 

8 

C12 

Sabalgarh,Pathri, Haridwar, Uttarakhand 

42 

C204 

Hasanpur 2, Tulsipur, Northgonda, U.P. 

9 

C14 

Sabalgarh,Pathri, Haridwar, Uttarakhand 

43 

C232 

Birpur 4A, Bhambar,Gonda, U.P. 

10 

C19 

Shah Mansurpur, Sahranpur,U.P. 

44 

C235 

Banketwa 2, Gonda, U.P. 

11 

C20 

Shah Mansurpur, Sahranpur,U.P. 

45 

C237 

Banketwa 2, Gonda, U.P. 

12 

C24 

C.B.Ganj, Barielly,U.P 

46 

C361 

Origin not known 

13 

C33 

Bhainsaspur, Tulsipur, Gonda,U.P 

47 

W-l 

Origin not known 

14 

C36 

Hasanpur,Tulsipur, Gonda, U.P 

48 

W-2 

Origin not known 

15 

C41 

Hasanpur,Tulsipur, Gonda, U.P 

49 

S-2 

Dhuri-Bagerian Road, Malerkotla, Sangrur, Punjab 

16 

C43 

Trilokpur, Tulsipur, Gonda, U.P 

50 

S-7 

Amargarh Chanuda Road, Malerkotla, Sangrur, Punjab 

17 

C46 

Trilokpur, Tulsipur, Gonda, U.P 

51 

S-47 

Patiala Sangrur Road, Sangrur, Punjab 

18 

C49 

Trilokpur, Tulsipur, Gonda U.P. 

52 

S-65 

Sangrur Barnala Road, Sangrur, Punjab 

19 

C51 

Birpur, Bhambar,Gonda, U.P. 

53 

S-70 

Bhatinda Branch Canal, Malerkotla, Sangrur, Punjab 

20 

C57 

Dinsia, Khalawala, Ambala, Haryana 

54 

S-70A 

BBC 70-71 L/S, Malerketla, Sangrur, Punjab 

21 

C60 

Dinsia, Khalawala, Ambala, Haryana 

55 

S-70B 

BBC 70-71 L/S, Malerketla, Sangrur, Punjab 

22 

C62 

Chihrauli, Yamunanagar, Haryana 

56 

S-72 

Bhatinda Branch Canal, Malerkotla, Sangrur, Punjab 

23 

C66 

Chihrauli, Yamunanagar, Haryana 

57 

S-73 

Bhatinda Branch Canal, Malerkotla, Sangrur, Punjab 

24 

C80 

Hanumangarh, Sriganganagar, Rajasthan 

58 

S-179 

Ghagar Branch Canal, Lahragaga, Sangrur, Punjab 

25 

C86 

Narun Desal, Hanumangarh, Sriganganagar, Rajasthan 

59 

S-180 

Ghagar Branch Canal, Lahragaga, Sangrur, Punjab 

26 

C88 

Narun Desal, Hanumangarh, Sriganganagar, Rajasthan 

60 

S-194 

Ghagar Branch Canal, Lahragaga, Sangrur, Punjab 

27 

C90 

Lakhnwali, Hanumangarh, Sriganganagar, Rajasthan 

61 

S-199 

Ghagar Branch Canal, Lahragaga, Sangrur, Punjab 

28 

C94 

Lakhnwali, Hanumangarh, Sriganganagar, Rajasthan 

62 

S-DB 

Dera Bassi, Patiala, Punjab 

29 

C103 

RD, Suralgarh, Hanumangarh, Rajasthan 

63 

S-Ml 

Bir Mattawara, Ludhiana, Punjab 

30 

C107 

Head Nursery Birdwal, Hanumangarh, Rajasthan 

64 

ABR-26 

Abohar, Ferozepur, Punjab 

31 

Cl 13 

Hetunda Campus, Nepal 

65 

ABR-14 

Abohar, Ferozepur, Punjab 

32 

Cl 14 

Hetunda Campus, Nepal 

66 

MG-21 

Moga, Ferozepur, Punjab 

33 

C124 

Kosi River Bank, Inerwa, Sarali, Nepal 

67 

MKT-161 

Muktsar, Faridkot, Punjab 

34 

C128 

Mahendragarh, Sarali, Nepal 





Results and discussion 

The clones investigated under the study represent five Indian 
states viz. Haryana, Punjab, Rajasthan, Uttarakhand, Uttar 
Pradesh and neighboring country Nepal. The PCR amplification 
using 30 selected RAPD primers produced reproducible amplifi¬ 
cation products and was used to evaluate the level of genetic 
divergence between 67 clones of D. sissoo. The primers ampli¬ 
fied different numbers of bands and demonstrated a comparable 
degree of polymorphism across the genotypes. RAPD analysis 
from different genotypes revealed a total of 342 bands, of which 
290 were polymorphic, accounting for 78.8 % polymorphism. 
The number of bands per primer ranged from as low as 4 to a 


maximum 21, with an average of 11.4. The number of polymor¬ 
phic bands varied from 1 (primer M-198) to 21 (primer OPA-08) 
(Table 2). Genetic divergence in respect of percent polymor¬ 
phism ranged from 16.6% to 100% with an average of 78.8%. 
The primers OPA-17 & M-182 (Fig. la, b) showed highest 
polymorphism in various clones. The results revealed that the 
number of polymorphic primers and fragments generated was not 
of similar range and varied in different genotypes. This is under¬ 
standable as product amplification depends upon the sequence of 
random primers and their compatibility with genomic DNA. The 
number of markers detected by each primer depends on primer 
sequence and the extent of genetic variation, which is genotype 
specific (Upadhyay et al. 2004). 
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Fig. 1 (a) RAPD pattern obtained using primer OPA-17. Lane 1 is 
(JiX-174 DNA/BsuRI (Haelll) molecular weight marker, lane 2 -19 
comprised of Cl, C2, C3, C4, C9, CIO, Cll, C12, C14, C19, C20, C24, 
C33, C36, C41, C43, C46, C49. (b)RAPD pattern obtained using 
primer M-182. Lane 1 is (JiX-174 DNA/BsuRI (Haelll) molecular 
weight marker, lane 2 -19 comprised of Cl, C2, C3, C4, C9, CIO, Cll, 
C12, C14, C19, C20, C24, C33, C36, C41, C43, C46, C49. 

A number of marker attributes like PIC and MI have been 
used in several studies to assess the infonnative or discrimina¬ 
tory power of the primers for genetic diversity studies (Gupta 
and Varshney 2000; Varshney et al. 2007). The PIC value ranged 
from 0.01 (M-31) to 0.37 (OPA-17) with a mean of 0.17, while 
EMR ranged from 0.17 (M-198) to 21.00 (OPA-08) with a mean 
of 8.66 across all genotypes. The Marker Index (MI), which is 
considered as an overall measure of the efficiency to detect 
polymorphism (Varshney et al. 2007), ranged from 0.002 (M-31) 
to 7.42 (OPA-17). MI together with PIC value can be used to 
assess the infonnativeness of the primers. As shown in Table 2 
primer M-31 was least polymorphic and thus informativeness of 
this primer is less as compared to other primers. Therefore 
marker index was also least for this primer. Maximum infonna¬ 
tiveness could be obtained for the primer OPA-17, also the 
marker index was highest for it. Effective multiplex ratio (EMR), 
is the number of polymorphic loci per primer (Ude et al. 2003). 
Effective multiplex ratio (EMR) was found maximum for primer 
OPA-08 and minimum for primer M-198. 

The dendrogram based on UPGMA analysis grouped 67 
clones of shisham into six clusters of which three were major 
(cluster II, III & IV) and three small (minor) clusters (Cluster I, 
V, VI) (Fig. 2). The first cluster (cluster I) consisted of three 
clones viz. Cl, C2 and C33 all from nearby areas from the state 
of Uttar Pradesh (U.P.). The cluster II comprises of 14 clones viz. 
C3, C43, C46, C49, C51, C36, C41, C9, Cll, CIO, C20, C12, C4 
and C24 predominantly from U.P. and Uttarakhand states. The 
highest similarity in this cluster was found between clone C49 
and C51 depicting a similarity index of 0.912 (Appendix 1). If 
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we look at the geographical occurrence of these clones, they 
mostly originate from the administrative area of one state i.e. U.P. 
It is expected also that the clustering grouped all closely related 
clones together in one cluster. The Cluster III consists of 18 
clones predominantly from the states of U.P. and Punjab. This 
cluster is divided into two sub-clusters, sub-cluster 1 and sub¬ 
cluster 2. The highest similarity in this cluster was found be¬ 
tween clone S70B and S72 depicting a similarity index of 0.888 
(Appendix 1). Sub cluster 1 comprises 13 clones viz. Cl92, 
C201, S-70B, S-72, C232, C237, C204, C235, S-7, S-47, S-70, 
S-65 and S-70A, while Sub cluster 2 consists of genotypes S-180, 
S-199, SM-1, and MG-21. Cluster IV consists of 16 clones pre¬ 
dominantly from the states of Rajasthan, Haiyana and U.P. The 
clones of Nepal also represented this cluster. The highest similar¬ 
ity in this cluster was found between clone C94 and Cl03 depict¬ 
ing a similarity index of 0.896 (Appendix 1). This cluster is di¬ 
vided into two sub-clusters, sub-cluster 3 & 4. Sub cluster 3 
comprises of three clones C57, Cl07, and Cl 13 from Haiyana, 
Rajasthan and Nepal, respectively. Sub cluster 4 consists of 13 
clones C60, C90, C128, C62, C94, C103, Cl 14, C124, C174, 
C175, C80, C88 and C168. Cluster V (small cluster) consisted of 
three clones namely Cl69, C361, and W-l. The sixth cluster 
consists of five clones viz. S-179, S-194, ABR-26, ABR-14 and 
MKT-161, all representing from one state i.e. Punjab. 

In the entire dendrogram there were many closely related 
clones having high similarity and low genetic distance. Some of 
the closely related clones are C49 and C51, C36 and C41, C9 and 
Cll, C192 and C201, S70B and S72, S47 and S70, S180 and 
S199, C60 and C90, C94 and C103, etc. with similarity index of 
0.912, 0.901, 0.885, 0.888, 0.888, 0.882, 0.880, 0.888, 0.896, 
respectively (Appendix 1). Other genetically similar clones 
found were C198 and W-2, C19 and S-2, C66 and C86, with 
similarity index of 0.759, 0.784 and 0.775, respectively, though 
they did not group in any major, minor or sub-cluster. The most 
closely related clones were C49 and C51 with similarity index of 
0.912 while the least similar or most dissimilar genotypes were 
C14 and S-DB showing similarity index of 0.685 (Appendix 1). 
As per the geographical locations of those clones, these are 
closely located and it is assumed that there is more homogene¬ 
ity/similarity between them. It is recommended that while select¬ 
ing clones for deployment, the most divergent clones should be 
used. This will help to maintain diversity in the plantations. 

The genetic diversity varied from 0.012 to 0.37 with an aver¬ 
age of 0.19. Shannon's Information index (I) varied between 
0.026 (M-31) and 0.544 (OPA-17). The average value of the 
index was 0.310 (Table 2). Shannon's Information index (I) is a 
diversity index or a mathematical measure of species diversity in 
a community. Diversity indices provide important infonnation 
about rarity and commonness of alleles in a species or genotype. 
On comparison with other tropical forest tree species, the gene 
diversity in D. sissoo was comparatively low (Table 3). The 
range of genetic diversity is far lower than the gene diversity in 
other Indian tropical tree species like Neem (0.2-0.88) (Deshwal 
et al. 2005), Butea monospermci (0.57-0.79) (Vaishali et al. 
2008), Prosopis juliflora (0.18-0.75) (Vaishali et al. 2008), Date 
Palm (0.02-0.77) (Zehdi et al. 2004), Acacia (0.09-0.31) (Nanda 
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et al. 2004). 


Table 2. RAPD polymorphism and genetic diversity in D. sissoo clones. 


S. Primer 

No. 

Total number 

of bands 

Number of 

polymorphic 

bands 

Percent poly¬ 
morphic bands 

Total gene 
diversity 
(Ht) 

Shannon's 

Information 

index (I) 

Polymorphic 

Information 

Content (PIC) 

Effective 

Multiplex 
Ratio (EMR) 

Marker index 

(MI) 

1 M-29 (CCGGCCTTAC) 

14 

13 

92.86 

0.2346 

0.3547 

0.23 

12.07 

2.83 

2 M-31 (CCGGCCTTCC) 

5 

1 

20.00 

0.0116 

0.0268 

0.01 

0.20 

0.002 

3 M-33 (CCGGCTGGAA) 

19 

18 

94.74 

0.2372 

0.3703 

0.24 

17.05 

4.05 

4 M-l 19 (ATTGGGCGAT) 

6 

4 

66.67 

0.0373 

0.0773 

0.04 

3.57 

0.13 

5 M-l22 (GTAGACGAGC) 

10 

5 

50.00 

0.0211 

0.0500 

0.02 

2.50 

0.05 

6 M-l32 (AGGGATCTCC) 

6 

2 

33.33 

0.0275 

0.0542 

0.03 

0.67 

0.02 

7 M-147 (GTGCGTCCTC) 

15 

11 

73.33 

0.2217 

0.3346 

0.22 

8.07 

1.79 

8 M-156 (GCCTGGTTGC) 

10 

6 

60.00 

0.1626 

0.2538 

0.16 

3.60 

0.59 

9 M-l82 (GTTCTCGTGT) 

15 

15 

100.00 

0.3144 

0.4716 

0.31 

13.07 

4.11 

10 M-l86 (GTGCGTCGCT) 

4 

4 

100.00 

0.0432 

0.0976 

0.04 

4.00 

0.17 

11 M-l88 (GCTGGACATC) 

7 

4 

57.14 

0.1218 

0.1921 

0.12 

2.29 

0.28 

12 M-l98 (GCAGGACTGC) 

6 

1 

16.67 

0.0551 

0.0854 

0.06 

0.17 

0.01 

13 M199 (GCTCCCCCAC) 

5 

2 

40.00 

0.0283 

0.0607 

0.03 

0.80 

0.02 

14 OPA-02 (TGCCGAGCTG) 

17 

16 

94.12 

0.2834 

0.4318 

0.28 

15.06 

4.27 

15 OPA-04 (AATCGGGCTG) 

12 

11 

91.67 

0.2838 

0.4314 

0.28 

10.08 

2.86 

16 OPA-05 (AGGGGTCTTG) 

9 

8 

88.89 

0.1047 

0.1851 

0.10 

7.11 

0.74 

17 OPA-06 (GGTCCCTGAC) 

11 

10 

90.91 

0.2597 

0.3958 

0.26 

9.09 

2.36 

18 OPA-07 (GAAACGGGTG) 

11 

7 

63.64 

0.0902 

0.1578 

0.09 

4.45 

0.40 

19 OPA-08 (GTGACGTAGG) 

21 

21 

100.00 

0.3246 

0.4935 

0.32 

21.00 

6.82 

20 OPA-09 (GGGTAACGCC) 

15 

14 

93.33 

0.2373 

0.3702 

0.24 

13.07 

3.10 

21 OPA-10 (GTGATCGCAG) 

12 

11 

91.67 

0.2423 

0.3662 

0.24 

10.08 

2.44 

22 OPA-11 (CAATCGCCGT) 

11 

7 

63.64 

0.0923 

0.1587 

0.09 

4.45 

0.41 

23 OPA-14 (TCTGTGCTGG) 

12 

10 

83.33 

0.1769 

0.2785 

0.18 

8.33 

1.47 

24 OPA-16 (AGCCAGCGAA) 

10 

10 

100.00 

0.3502 

0.5259 

0.35 

10.00 

3.50 

25 OPA-17 (GACCGCTTGT) 

20 

20 

100.00 

0.3708 

0.5440 

0.37 

20.00 

7.42 

26 OPA-18 (AGGTGACCGT) 

17 

17 

100.00 

0.1349 

0.2521 

0.13 

17.00 

2.29 

27 OPA-20 (GTTGCGATCC) 

10 

10 

100.00 

0.2793 

0.4426 

0.28 

10.00 

2.79 

28 OPAF-07 (GGAAAGCGTC) 

11 

11 

100.00 

0.1016 

0.1888 

0.10 

11.00 

1.12 

29 OPAF-16 (TCCCGGTGAG) 

12 

12 

100.00 

0.2393 

0.3683 

0.24 

12.00 

2.87 

30 OPG-09 (CTGACGTCAC) 

9 

9 

100.00 

0.1625 

0.2811 

0.16 

9.00 

1.46 

Total 

342.00 

290.00 

- 

5.2499 

8.3012 

5.25 

259.78 

60.38 

Min 

4.00 

1.00 

16.67 

0.0116 

0.0268 

0.01 

0.17 

0.002 

Max 

21.00 

21.00 

100.00 

0.3708 

0.5440 

0.37 

21.00 

7.42 

Average 

11.40 

9.67 

78.86 

0.1986 

(0.0335) 

0.3106 

(0.2534) 

0.17 

8.66 

2.01 


Table 3. Comparison of genetic diversity of/), sissoo with other tropical tree speices using dominant marker sets. 


Species 

Geographic distribution 

Putative mating 

system 

Genetic diversity 
estimate (Mean) 

Number of 

populations 

Number of trees / 

accessions 

Dalbergia sissoo (Present study) 

Northern India 

Mixed mating 

0.19 

- 

67 

Anacardium occidentale (Kremer et al., 2005) 

Amazonian basin, northeast 

and central Brazil 

Out crossing 

0.32 

2 

89 

Butea monosperma (Vaishali et al., 2008) 

India 

- 

0.43 

- 

16 

Cedrela odorata (Cavers et al, 2004) 

Mexico to south Brazil 

Out crossing 

0.30 

9 

125 

Chrisophyllum sanguinolentum (Caron et al., 2004) 

Amazonia 

Out crossing 

0.17 

1 

51 

Eperua grandiflora (Caron et al., 2004) 

Amazonia 

Out crossing 

0.17 

1 

47 

Eucalyptus grandis (Okun et al., 2008) 

Keniya 

Out crossing 

0.26 

6 

- 

Eugenia uniflora (Margis et al., 2002) 

Atlantic coast of Brazil to 

Paraguay and Argentina 

Out crossing 

0.23 

5 

78 

Pseudobombax munguba (Kremer et al., 2005) 

Amazonia 

Mixed mating 

0.14 

9 

168 

Swietenia macrophylla (Lowe et al., 2003) 

Mexico to south Brazil 

Out crossing 

0.13 

3 

110 

Virola michelii (Caron et al., 2004) 

Guiana shield 

Out crossing 

0.31 

1 

37 

Voschysia ferruginea (Kremer et al., 2005) 

Mexico to south Brazil 

Mixed mating 

0.31 

9 

262 
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Fig. 2 Genetic relationship between different clones of D.sissoo based on UPGMA cluster analysis 
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Variation in genetic diversity is usually related with geo¬ 
graphical range, mode of reproduction, mating system, seed dis¬ 
persal and fecundity. Ashraf et al. (2010) studied genetic diver¬ 
sity of 22 accessions of D. sissoo collected from the canal road, 
farmer’s field and forest sites of N.W.F.P, Pakistan using RAPD 
markers. Their results also indicate that the mean level of genetic 
variation was low among the individuals of D. sissoo. Rout et al. 
(2003) also obtained similar results in Dalbergia species using 
RAPD markers. Since shisham forests have been subjected to 
selective felling and other type of deforestation, remnant popula¬ 
tions naturally distributed in public and farm areas are more seri¬ 
ously exposed to human activities than those in forest reserves. 
The populations within public and fann areas are generally 
smaller in size than those in natural forests. Under the situation 
limited numbers of trees are involved in mating. This might 
cause inbreeding depression, which could reduce variation within 
populations. 

The low level of genetic diversity suggests that regional 
strategies are required for conservation of D. sissoo germplasm 
in the country in general and maintaining wide basket of diver¬ 
sity in plantations in particular for addressing the problems re¬ 
lated the mortality of shisham in the country. This result indi¬ 
cates the potential use of these, particularly the more distant 
genotypes (clones), for future breeding and plantation programs. 
Because significant intra-specific variation has been demon¬ 
strated in this species (Shiv Kumar and Banerjee 1986; Dhillon 
et al. 1995; Sagta and Nautiyal 2001) and better adaptable and 
productive provenances have been identified, hence the selected 
provenances will be of the interest to establish several planta¬ 
tions of 10 to 50 ha of each tested provenances. Those planta¬ 
tions would be converted later to seed production area by early 
and heavy thinning as suggested by Boland (1981) in case of 
narrow genetic base species like Eucalyptus. This would serve as 
ex-situ conservation stands, produce large quantities of seed and 
provide reasonably broad genetic base for several generations. 
There is also a need to maintain sufficiently large populations in 
natural habitats to conserve genetic diversity in D. sissoo and 
avoid genetic erosion through encroachment and illicit felling. 

The wise use of clones can ensure genetic diversity in the 
plantations and it can be more effectively maintained in clonal 
forestry than in traditional approaches, by deliberately selecting 
highly productive but divergent and unrelated clones, rather than 
the use of related seedlings from a seed stand/seed orchard (Hey- 
broek 1978; Libby 1985). The best strategy is to plant several 
genetically distant and unrelated clones with only relatively few 
individuals (ramets) per clone (Liby 1982). Though a mixture of 
large numbers of clones is a safe option but the genetic gains will 
not be as high as could be achieved by fewer clones. Hence a 
mixture of about 20-30 genetically tested and unrelated clones 
are probably the optimal strategy to maintain the genetic diver¬ 
sity in plantations. The most divergent clones as evident from the 
investigation could be taken up for clonal forestry program and 
for the development of new recombinants through intra-species 
hybridization. Deployment and maintenance of genetically di¬ 
vergent and unrelated clones will be an important step to combat 
shisham mortality in plantations, and in particular planting sets 


of 20-30 genetically dissimilar clones in mixture will maintain a 

wider genetic base in D. sissoo. 
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Appendix 1: Genetic similarity index between various clones of A sissoo. 
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